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Abstract²7KHUPDOO\$FWLYDWHG%XLOGLQJ6\VWHPV 7$%6 KDYH
SURYHQWREHDQHQHUJ\HIILFLHQWVROXWLRQWRSURYLGHEXLOGLQJVZLWKDQ
RSWLPDOLQGRRUWKHUPDOHQYLURQPHQW7KLVVROXWLRQXVHVWKHVWUXFWXUH
RIWKHEXLOGLQJWRVWRUHKHDWUHGXFHWKHSHDNORDGVDQGGHFUHDVHWKH
SULPDU\HQHUJ\GHPDQG7$%6UHTXLUHWKHKHDWHGRUFRROHGVXUIDFHV
WR EH DV H[SRVHG DV SRVVLEOH WR WKH LQGRRU VSDFH EXW H[SRVLQJ WKH
EDUH FRQFUHWH VXUIDFHV KDV D GLPLQLVKLQJ HIIHFW RQ WKH DFRXVWLF
TXDOLWLHV RI WKH VSDFHV LQ D EXLOGLQJ $FRXVWLF VROXWLRQV FDSDEOH RI
SURYLGLQJRSWLPDO DFRXVWLF FRPIRUW DQG DOORZLQJ WKHKHDW H[FKDQJH
EHWZHHQ WKH 7$%6 DQG WKH URRP DUH GHVLUDEOH ,Q WKLV VWXG\ WKH
HIIHFWV RI IUHHKDQJLQJ XQLWV RQ WKH FRROLQJ SHUIRUPDQFH RI 7$%6
DQG WKH RFFXSDQWV¶ WKHUPDO FRPIRUW ZDV PHDVXUHG LQ D IXOOVFDOH
7$%6 ODERUDWRU\ ,QYHVWLJDWLRQV GHPRQVWUDWH WKDW WKH XVH RI IUHH
KDQJLQJ VRXQG DEVRUEHUV DUH FRPSDWLEOH ZLWK WKH SHUIRUPDQFH RI
7$%6 DQG WKH RFFXSDQW¶V WKHUPDO FRPIRUW EXW DQ DSSURSULDWH
DFRXVWLFGHVLJQLVQHHGHGWRILQGWKHPRVWVXLWDEOHVROXWLRQIRUHDFK
FDVH7KHUHVXOWVVKRZDUHGXFWLRQRIRIWKHFRROLQJSHUIRUPDQFH
RI WKH 7$%6 ZKHQ  RI WKH FHLOLQJ DUHD LV FRYHUHG ZLWK IUHH
KDQJLQJKRUL]RQWDOVRXQGDEVRUEHUVRIIRUFHLOLQJFRYHUDJH
UDWLR DQG RI  IRU  FRYHUDJH 0HDVXUHPHQWV LQ DFWXDO
EXLOGLQJV VKRZHG DQ LQFUHDVH RI WKH URRPRSHUDWLYH WHPSHUDWXUH RI
 . ZKHQ  RI WKH FHLOLQJ VXUIDFH LV FRYHUHG ZLWK KRUL]RQWDO
SDQHOV DQG RI  WR  . IRU D  FRYHUDJH UDWLR $FFRUGLQJ WR
QXPHULFDO VLPXODWLRQV XVLQJ D QHZ 7516<6 7\SH WKH XVH RI
FRPIRUW YHQWLODWLRQ KDV D FRQVLGHUDEOH LQIOXHQFH RQ WKH WKHUPDO
FRQGLWLRQV LQ WKH URRP LI WKH YHQWLODWLRQ LV UHPRYHG WKHQ WKH
RSHUDWLYHWHPSHUDWXUHLQFUHDVHVE\.IRUDFRYHUHGFHLOLQJ

Keywords²$FRXVWLFFRPIRUWFRQFUHWHFRUHDFWLYDWLRQIXOOVFDOH
PHDVXUHPHQWVWKHUPDOO\DFWLYDWHGEXLOGLQJV\VWHPV7516<6
, ,1752'8&7,21
EXLOGLQJ¶V IXQFWLRQ LV WR SURYLGH D VDIH DQG KHDOWK\
HQFORVXUHIRUSHRSOH¶VDFWLYLWLHVWRSURWHFWWKHPIURPWKH
RXWGRRU HQYLURQPHQW DQG WR SURYLGH RSWLPDO OHYHOV RI
FRPIRUW2QWKHRWKHUKDQGEXLOGLQJVQHHGHQHUJ\WRSURYLGH
WKHGHVLUHGLQGRRUHQYLURQPHQWDOFRQGLWLRQV$FFRUGLQJWRWKH
(XURSHDQ(QYLURQPHQW$JHQF\EXLOGLQJVDUH UHVSRQVLEOH IRU

/XLV 0DUFRV 'RPtQJXH] /DFDUWH LV D JUDGXDWH VWXGHQW LQ $UFKLWHFWXUDO
(QJLQHHULQJ 'HSDUWPHQW RI &LYLO (QJLQHHULQJ 7HFKQLFDO 8QLYHUVLW\ RI
'HQPDUN .JV /\QJE\ 'HQPDUN SKRQH  HPDLO
PDUFRVGRPLQ#RXWORRNFRP
2QJXQ%.D]DQFLLVD3K'VWXGHQWDWWKH,QWHUQDWLRQDO&HQWUHIRU,QGRRU
(QYLURQPHQW DQG (QHUJ\ 'HSDUWPHQW RI &LYLO (QJLQHHULQJ 7HFKQLFDO
8QLYHUVLW\RI'HQPDUN.JV/\QJE\'HQPDUN
%MDUQH: 2OHVHQ 3K' LV D SURIHVVRU DQG GLUHFWRU RI WKH ,QWHUQDWLRQDO
&HQWUHIRU,QGRRU(QYLURQPHQWDQG(QHUJ\'HSDUWPHQWRI&LYLO(QJLQHHULQJ
7HFKQLFDO8QLYHUVLW\RI'HQPDUN.JV/\QJE\'HQPDUN
1LOV5DJHLVDJUDGXDWHGVWXGHQWLQ$UFKLWHFWXUDO(QJLQHHULQJ'HSDUWPHQW
RI &LYLO (QJLQHHULQJ 7HFKQLFDO 8QLYHUVLW\ RI 'HQPDUN .JV /\QJE\
'HQPDUN
DERXWRIWKHWRWDOHQHUJ\XVHLQWKH(XURSHDQ8QLRQ>@
,QWURGXFLQJ HQHUJ\ VDYLQJV LQYROYHV KLJKHU FRVWV ZKHQ D
EXLOGLQJ KDV DOUHDG\ EHHQ FRQVWUXFWHG )RU WKLV UHDVRQ WKH
LQWHJUDWLRQRIHQHUJ\VDYLQJVDQGWKHXVHRIVXVWDLQDEOHHQHUJ\
UHVRXUFHV VKRXOG EH D SULRULW\ IURP WKH HDUO\ VWDJHV RI WKH
EXLOGLQJ GHVLJQ /RZ WHPSHUDWXUH KHDWLQJ DQG KLJK
WHPSHUDWXUHFRROLQJV\VWHPVZDWHUEDVHGUDGLDQWKHDWLQJDQG
FRROLQJV\VWHPV LQ WKLVFRQWH[WKDYHSURYHQ WREHDQHQHUJ\
HIILFLHQWVROXWLRQIRUFRQGLWLRQLQJEXLOGLQJV>@,QWKLVJURXS
7$%6DUHDQH[DPSOHRIUDGLDQWKHDWLQJDQGFRROLQJV\VWHPV
7$%6¶ PDLQ SULQFLSOH LV WR XVH WKH WKHUPDO PDVV RI WKH
EXLOGLQJ LQ RUGHU WR VWRUH KHDW DQG DFWLYDWH WKH EXLOGLQJ
WKHUPDO PDVV E\ HPEHGGLQJ ZDWHUFDUU\LQJ SLSHV LQ WKH
EXLOGLQJ VWUXFWXUH 7KH WKHUPDO LQGRRU HQYLURQPHQW LV
FRQWUROOHGE\HPLWWLQJRUUHPRYLQJKHDWIURPWKHLQGRRUVSDFH
E\ KHDWHG RU FRROHG 7$%6 VXUIDFHV DQG E\ DGGLQJ RU
H[WUDFWLQJKHDWIURPWKH7$%6VWUXFWXUHE\ZDWHUFLUFXODWLRQ
2Q WKH RWKHU KDQG 7$%6 UHTXLUH ODUJH KDUG VXUIDFHV WR EH
H[SRVHGZKLFKFRXOGKDYHDQHJDWLYHLPSDFWRQWKHDFRXVWLF
TXDOLW\ RI LQGRRU VSDFHV ,Q WKH FDVH RI RIILFH VSDFHV D
SURGXFWLYLW\ UHGXFWLRQ RI  ZDV UHSRUWHG LQ HPSOR\HHV
ZRUNLQJ LQ QRLV\ VSDFHV >@ )UHHKDQJLQJ FHLOLQJ DEVRUEHUV
FDQEH D VROXWLRQ IRU DGGUHVVLQJ DFRXVWLF FRQFHUQV KRZHYHU
WKH\ZLOODIIHFWWKHFRROLQJSHUIRUPDQFHRI7$%6
7KLV VWXG\ TXDQWLILHV WKH HIIHFWV IUHHKDQJLQJ KRUL]RQWDO
FHLOLQJDEVRUEHUVRQWKHFRROLQJSHUIRUPDQFHRI7$%6DQGWKH
LPSOLFDWLRQV WKDW WKLV KDV RQ WKH WKHUPDO FRPIRUW RI WKH
RFFXSDQWV,QRUGHUWRVWXG\WKHHIIHFWVH[SHULPHQWVLQDIXOO
VFDOH WHVW IDFLOLW\ ZHUH SHUIRUPHG 2SHUDWLYH WHPSHUDWXUH
PHDVXUHPHQWV ZHUH FRPSDUHG ZLWK PHDVXUHPHQWV LQ DFWXDO
EXLOGLQJV REWDLQHG IURP OLWHUDWXUH >@ $ VHQVLWLYLW\ DQDO\VLV
ZLWK GLIIHUHQW RSHUDWLQJ FRQGLWLRQV ZDV SHUIRUPHG LQ
7516<6 ZLWK D QHZ 7516<6 7\SH (FRSKRQ $FRXVWLF
(OHPHQWV
,,0(7+2'6
A. Acoustic Panels and Layout 
+RUL]RQWDOVRXQGDEVRUEHUXQLWV)LJWKDWZHUHLGHQWLILHG
WREHFRPSDWLEOHZLWKWKHSHUIRUPDQFHRI7$%6ZHUHVHOHFWHG
>@ LH WKH\DOORZWKHKHDWH[FKDQJHEHWZHHQWKH7$%6DQG
WKHURRPWKURXJKFRQYHFWLRQDQGUDGLDWLRQDWOHDVWSDUWLDOO\
7KH VRXQG DEVRUEHUV DUHPDGH RI KLJK GHQVLW\ JODVVZRRO
ZLWKGLPHQVLRQV[PPDQGDWKLFNQHVVRIPP
7KH SDQHOVZHUH LQVWDOOHG DW D GLVWDQFH RI PP IURP WKH
VRIILW DLPLQJ IRU DQ HYHQ GLVWULEXWLRQ DORQJ WKH FHLOLQJ DUHD
(IIHFWVRI)UHH+DQJLQJ+RUL]RQWDO6RXQG$EVRUEHUV
RQWKH&RROLQJ3HUIRUPDQFHRI7KHUPDOO\$FWLYDWHG
%XLOGLQJ6\VWHPV
/0DUFRV'RPtQJXH]1LOV5DJH2QJXQ%.D]DQFL%MDUQH:2OHVHQ
$
World Academy of Science, Engineering and Technology
International Journal of Civil, Environmental, Structural, Construction and Architectural Engineering Vol:11, No:2, 2017 
59International Scholarly and Scientific Research & Innovation 11(2) 2017 scholar.waset.org/1999.3/10006220
In
te
rn
at
io
na
l S
ci
en
ce
 In
de
x,
 C
iv
il 
an
d 
En
vi
ro
nm
en
ta
l E
ng
in
ee
rin
g 
V
ol
:1
1,
 N
o:
2,
 2
01
7 
w
as
et
.o
rg
/P
ub
lic
at
io
n/
10
00
62
20
7DEOH , VKRZV WKH VFHQDULRV VWXGLHG )LJ  VKRZV WKH
LQVWDOODWLRQRIWKHIUHHKDQJLQJXQLWVLQWKHWHVWIDFLOLW\


)LJ)UHHKDQJLQJKRUL]RQWDOVRXQGDEVRUEHUVGLPHQVLRQV>@

7$%/(,
6800$5<2)6&(1$5,26
6FHQDULR &RYHUDJHUDWLR 1XPEHURIKRUL]RQWDOSDQHOV
  
  
  
  


)LJ*ULGGLPHQVLRQVLQWKHIXOOVFDOHIDFLOLW\

B. Test Facility 
([SHULPHQWVZHUHFDUULHGRXWLQDWHVWIDFLOLW\ORFDWHGDWWKH
7HFKQLFDO8QLYHUVLW\RI'HQPDUN WKDW UHVHPEOHVD URRP LQD
EXLOGLQJZLWK7$%67KHIDFLOLW\FRQVLVWVRIDPURRP
ZLWKDFHLOLQJKHLJKWRIP7KHIORRUDQGFHLOLQJFRQVLVWRI
WKHUPRDFWLYHFRQFUHWHGHFNVWRDWWDLQUHDOLVWLFFRQGLWLRQVRID
PXOWLVWRUH\EXLOGLQJZLWK7$%67KHURRPDQGWKHGHFNVDUH
VXUURXQGHG E\ D WKHUPDO JXDUG ZKRVH WHPSHUDWXUH LV
FRQWUROOHG WR HQVXUH DQ HTXDO WHPSHUDWXUH WR WKDW LQVLGH WKH
URRP DQG KHQFH DYRLG WKHUPDO ORVVHV RU JDLQV )LJ  VKRZV
WKHGHWDLOVRIWKHWHVWIDFLOLW\

)LJ'HVFULSWLYHJHRPHWU\RIWKHWHVWIDFLOLW\ORQJLWXGLQDOVHFWLRQ

7$%/(,,
6800$5<2)6&(1$5,26
&RQVWDQWFRQGLWLRQ 9DOXH
7RWDOKHDWORDGV:P 
2FFXSDQWV: [
/LJKWV: [
&RPSXWHU: [
6RODUJDLQVKHDWLQJPDW: [
9HQWLODWLRQVXSSO\WHPSHUDWXUH& 
9HQWLODWLRQUDWH$&+ 
:DWHUVXSSO\WHPSHUDWXUHGHFNV& 
:DWHUIORZUDWHIORRUFHLOLQJNJK 

7KH URRP KDV D YHQWLODWLRQ V\VWHP WKDW LV FDSDEOH RI
SURYLGLQJ DLUIORZ DW D GHILQHG IORZ UDWH DQG WHPSHUDWXUH ,Q
RUGHU WR VLPXODWH D WZRSHUVRQ RIILFH URRP KHDW ORDGVZHUH
UHSUHVHQWHGE\PHDQVRIWZRWKHUPDOPDQLNLQVWZRFRPSXWHUV
ZLWKPRQLWRUV IRXU OLJKW EXOEV DQG D KHDWLQJPDW RQ DZDOO
UHSUHVHQWLQJWKHVRODUKHDWJDLQVIURPDZLQGRZRQDVXPPHU
GD\([SHULPHQWDOFRQGLWLRQVDUHVXPPDUL]HGLQ7DEOH,,
7KH WKHUPDO LQGRRUHQYLURQPHQW LQ WKH URRPZDVDVVHVVHG
E\ PHDQV RI DLU DQG RSHUDWLYH WHPSHUDWXUH XVLQJ
WKHUPRFRXSOHV DV VKRZQ LQ )LJ  6HQVRUV WR DVVHVV WKH
WKHUPDO FRPIRUW RI WKH RFFXSDQWV ZHUHPRXQWHG DW GLIIHUHQW
OHYHOVDFFRUGLQJWR WKHUHFRPPHQGDWLRQLQ,62(1>@
ZKLFK ZHUH  P  P  P DQG  P )XUWKHU
LQIRUPDWLRQDERXWWKHVHQVRUV¶DFFXUDF\DQGPHDVXULQJUDQJH
FDQEHIRXQGLQ>@
(DFK7$%6GHFNFRQVLVWHGRI WKUHHSUHIDEULFDWHGFRQFUHWH
GHFNVFRYHULQJWKHHQWLUHDUHDRI WKHFHLOLQJDQGIORRU)LJ
VKRZVWKHGLPHQVLRQVRIWKHGHFN3(;SLSHVRIPPRXWHU
GLDPHWHU DQG  PP WKLFNQHVV DUH HPEHGGHG LQ WKH FRQFUHWH
PDVV 7KH IORZ DQG WKH VXSSO\ DQG UHWXUQ WHPSHUDWXUHZHUH
PHDVXUHGZLWKD.DPVWUXS0XOWLFDO
0HDVXUHPHQWV ZHUH SHUIRUPHG XQGHU VWHDG\VWDWH
FRQGLWLRQV DQG GDWD ZHUH REWDLQHG RQFH WKH VWHDG\VWDWH
FRQGLWLRQVZHUHUHDFKHG
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
)LJ3RVLWLRQRIWKHPHDVXUHPHQWVDQGKHDWORDGVLQWKHURRP


)LJ'HVFULSWLYHJHRPHWU\RIRQHSUHIDEULFDWHGFRQFUHWHGHFN
C.Data Analysis 
7KH IRFXV RI WKLV VWXG\ ZDV WR HYDOXDWH WKH HIIHFWV RI
GLIIHUHQW VFHQDULRV ZLWK VRXQG DEVRUEHUV RQ WKH FRROLQJ
SHUIRUPDQFH RI WKH XSSHU OHYHO GHFNV FHLOLQJ FRROLQJ
$VVXPLQJ VWHDG\VWDWH FRQGLWLRQV WKH HQHUJ\ EDODQFH LQ WKH
GHFNVLVIRXQGIURP

ݍ௣௜௣௘ ൌ ݍ௨௣ ൅ ݍௗ௢௪௡ ൅ ݍ௚௨௔௥ௗ  

ZKHUHTSLSHLVWKHKHDWIORZLQWKHSLSH>:@TXSLVWKHKHDWIORZ
WKURXJKWKHFHLOLQJVXUIDFH>:@TGRZQLVWKHKHDWIORZWKURXJK
WKHIORRUFRYHULQJ>:@DQGTJXDUGLVWKHKHDWIORZEHWZHHQWKH
VLGHV RI WKH GHFN DQG WKH JXDUG >:@ 7KLV ODWWHU FDQ EH
QHJOHFWHG VLQFH WKHSHULPHWHU RI WKH VODE LV LQVXODWHG >@ TXS
ZDVXVHG WR FDOFXODWH WKH7$%6FRROLQJSHUIRUPDQFH)LJ
VKRZVWKHKHDWIORZVLQWKHGHFNV


)LJ+HDWIORZVLQWKHGHFNV>@

7KH KHDW IORZ EHWZHHQ WKH SLSHV DQG WKH FRQFUHWH GHFNV
TSLSHFDQEHFDOFXODWHGIURPWKHPHDVXUHGZDWHUIORZUDWHDQG
WKH WHPSHUDWXUH GLIIHUHQFH EHWZHHQ WKH VXSSO\ DQG UHWXUQ
ZDWHUIORZVTSLSHFDQEHIRXQGIURP

ݍ௣௜௣௘ ൌ ᒡ ή ܿ௣ ή ሺ ௦ܶ௨௣௣௟௬ െ ௥ܶ௘௧௨௥௡ሻ 

ZKHUHীLVWKHPDVVIORZUDWHRIWKHIOXLGLQWKHSLSHV>NJV@
FS LV WKH VSHFLILF KHDW FDSDFLW\ RI WKH IOXLG LQ WKH SLSHV
>N-NJ.@7VXSSO\LVWKHVXSSO\WHPSHUDWXUHRIWKHZDWHU>&@
7UHWXUQLVWKHUHWXUQWHPSHUDWXUHRIWKHZDWHU>&@7KHKHDWIORZ
DFURVVWKHIORRUFRYHULQJTGRZQFDQEHFDOFXODWHGIURP

ݍௗ௢௪௡ ൌ ଵோ೑೗೚೚ೝ ೎೚ೡ೐ೝ೔೙೒ ή ο ௙ܶ௟௢௢௥௖௢௩௘௥௜௡௚ 

ZKHUH 5 IORRU FRYHULQJ LV WKH UHVLVWDQFH RI WKH IORRU FRYHULQJ
>P.:@DQG¨7IORRUFRYHULQJLVWKHWHPSHUDWXUHGLIIHUHQFH>&@
EHWZHHQWKHXSSHUDQGORZHUVXUIDFHVRIWKHIORRUFRYHULQJ
+RZHYHU ZKHQ DVVHVVLQJ WKH FRROLQJ SHUIRUPDQFH RI WKH
7$%6XVLQJ WKHFRROLQJFDSDFLW\RI WKHDFWLYHVXUIDFHRI WKH
GHFN LW VKRXOG EH QRWHG WKDW WKLV SDUDPHWHU LV LQIOXHQFHG E\
WKH WHPSHUDWXUH RI WKH URRP DQG WKLV LV H[SHFWHG WR YDU\
GHSHQGLQJ RQ ZKLFK VFHQDULR LV WHVWHG %DVHG RQ WKHVH
REVHUYDWLRQV:HLW]PDQQ >@ KDV SURYHQ WKDW RQH SDUDPHWHU
UHPDLQHG DOPRVW FRQVWDQW IRU HDFK VFHQDULR LH FRROLQJ
FDSDFLW\FRHIILFLHQW8FF7KHFRROLQJFDSDFLW\FRHIILFLHQWRI
WKHFHLOLQJ8FFLVGHILQHGDV>@

௖ܷ௖ ൌ
ݍ௨௣
ܣௗ௘௖௞ ή ሺ ௥ܶ௢௢௠ െ ௙ܶ௟௨௜ௗሻ


ZKHUH$GHFNLVWKHDUHDRIWKHGHFN>P@7URRPLVWKHRSHUDWLYH
WHPSHUDWXUH >&@ DQG7IOXLG LV WKH DYHUDJH WHPSHUDWXUHRI WKH
ZDWHULQWKHGHFNV>&@
)XUWKHU GHWDLOV RI WKH WHVWLQJ IDFLOLW\ DQG WKH H[SHULPHQWDO
FRQGLWLRQVFDQEHIRXQG LQ>@>@6LPXODWLRQV LQ7516<6
ZHUH SHUIRUPHG ZLWK WKH VDPH RSHUDWLQJ FRQGLWLRQV DV WKH
RQHV IRXQG LQ WKH WHVW IDFLOLW\ 'HWDLOV RI WKH PRGHO FDQ EH
IRXQG LQ >@ 'HWDLOV RI WKH PHDVXUHPHQWV LQ DQ DFWXDO
EXLOGLQJZLWK7$%6FDQEHIRXQGLQ>@
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,,, 5(68/76$1'',6&866,21
A. Measurements 
)LJ  VKRZV WKH FRROLQJ FDSDFLW\ FRHIILFLHQW DQG FRROLQJ
SHUIRUPDQFH UHGXFWLRQ DV D IXQFWLRQ RI WKH FHLOLQJ FRYHUDJH
UDWLR


)LJ&RROLQJFDSDFLW\FRHIILFLHQWDQGUHGXFWLRQRIFRROLQJ
SHUIRUPDQFHDVDIXQFWLRQRIWKHFHLOLQJVXUIDFHDUHDFRYHUHGZLWK
KRUL]RQWDOSDQHOV

)LJ  VKRZV WKDW WKH FRROLQJ SHUIRUPDQFH RI WKH 7$%6
GHFUHDVHV ZKHQ WKH FHLOLQJ VXUIDFH FRYHUDJH LQFUHDVHV 7KH
KHDW H[FKDQJH EHWZHHQ WKH URRP DQG WKH 7$%6 LV KLQGHUHG
ZKHQ WKH FHLOLQJ LV FRYHUHG ZLWK IUHHKDQJLQJ KRUL]RQWDO
VRXQGDEVRUEHUV7KLVUHGXFWLRQFRPSDUHGWRWKHEDUHFHLOLQJ
DFFRXQWV IRU  ZLWK  FRYHUDJH  ZLWK 
FRYHUDJH DQG IRU RI WKH FHLOLQJ VXUIDFH FRYHUHG
ZLWKSDQHOV
)LJ  VKRZV RSHUDWLYH WHPSHUDWXUHV PHDVXUHG LQ WKH WHVW
IDFLOLW\FRPSDUHGZLWKRSHUDWLYHWHPSHUDWXUHVPHDVXUHGLQDQ
DFWXDOEXLOGLQJZLWK7$%6>@


)LJ&RROLQJFDSDFLW\FRHIILFLHQWDQGUHGXFWLRQRIFRROLQJ
SHUIRUPDQFHDVDIXQFWLRQRIWKHFHLOLQJVXUIDFHDUHDFRYHUHGZLWK
KRUL]RQWDOSDQHOV

$V D UHVXOW RI WKH UHGXFWLRQ LQ FRROLQJ SHUIRUPDQFH WKH
RSHUDWLYH WHPSHUDWXUH LQ WKH RFFXSLHG VSDFH LQFUHDVHV ,Q
ODERUDWRU\FRQGLWLRQVWKLVLQFUHDVHZDVDQG.IRU
DQGFRYHUDJHUHVSHFWLYHO\+RZHYHUPHDVXUHPHQWVLQD
EXLOGLQJ ZLWK 7$%6 VKRZ DQ LQFUHDVH RI  DQG  . IRU
DQGFRYHUDJHUHVSHFWLYHO\>@
$OWKRXJK WKH FRQGLWLRQV ZHUH GLIIHUHQW EHWZHHQ WKH
H[SHULPHQWV DQG WKH ILHOGPHDVXUHPHQWV LWPD\EH VHHQ WKDW
WKH LQIOXHQFH RI WKH IUHHKDQJLQJ XQLWV RQ WKH RSHUDWLYH
WHPSHUDWXUHLVORZHULQDUHDOEXLOGLQJWKDQWKHRQHPHDVXUHG
LQ ODERUDWRU\ FRQGLWLRQV 5HDO FRQGLWLRQV LQ EXLOGLQJV FRXOG
OHDGWRDORZHUGHJUDGDWLRQRIWKHWKHUPDOLQGRRUHQYLURQPHQW
GXHWRWKHSUHVHQFHRIWKHVRXQGDEVRUEHUV
)LJVKRZVWKHDLUWHPSHUDWXUHVDWPHDVXUHGKHLJKWVLQWKH
YHUWLFDO SODQH LQ ODERUDWRU\ FRQGLWLRQV IRU GLIIHUHQW FHLOLQJ
FRYHUDJHUDWLRV7KHKRUL]RQWDOGDVKHGOLQHVKRZVWKHOHYHORI
WKH VRXQG DEVRUEHUV DQG WKH KRUL]RQWDO VROLG OLQH VKRZV WKH
OHYHORIWKHVRIILW


)LJ$LUWHPSHUDWXUHGLVWULEXWLRQLQWKHYHUWLFDOSODQHLQODERUDWRU\
FRQGLWLRQV

)LJ  VKRZV WKDW WKH WHPSHUDWXUH GLIIHUHQFH EHWZHHQ WKH
SOHQXPVSDFHDQGPDERYH WKH IORRU OHYHOZDV. IRU
 FRYHUDJH . IRU  FRYHUDJH DQG . IRU 
FRYHUDJHZKHUHDVLWZDV.IRUWKHEDUHFHLOLQJDWWKHVDPH
PHDVXULQJ SRLQWV 7KLV VKRZV WKDW WKH KRUL]RQWDO SDQHOV DUH
SUHYHQWLQJWKHFRROHGDLUIURPPL[LQJZLWKWKHUHVWRIWKHDLU
LQ WKH URRP WKLV HIIHFW EHFRPHV PRUH SURQRXQFHG ZLWK D
KLJKHU FHLOLQJ FRYHUDJH UDWLR 7KH PDVNLQJ HIIHFW RI WKH
SDQHOVQRWRQO\SUHYHQWVVWDJQDWHGFROGDLUIURPPL[LQJZLWK
WKHURRPDLUEXWDOVRGHJUDGHVWKHFRROLQJSHUIRUPDQFHRIWKH
7$%6
B. Sensitivity Analysis 
6LPXODWLRQV LQ 7516<6  ZLWK WKH 7\SH (FRSKRQ
$FRXVWLF (OHPHQWVZHUH SHUIRUPHG WR FRPSOHWH D VHQVLWLYLW\
DQDO\VLV7KHYDULHGSDUDPHWHUVZHUH
- 7KHDEVHQFHRIYHQWLODWLRQLQWKHURRP$&+ 
- 6PDOOHU LQWHUQDOKHDWJDLQV7KHVLPXODWHGVRODUJDLQKDV
EHHQUHPRYHGIURPWKHPRGHOOHDGLQJWRDQLQWHUQDOKHDW
JDLQRI:P
- ,QFUHDVHG7$%6VXSSO\ZDWHUWHPSHUDWXUHIURP&WR
&DQG&
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- +LJKHUDQGORZHUDLUVXSSO\WHPSHUDWXUHWRWKHURRP
&DQG&
)LJ  VKRZV WKH UHVXOWV RI WKH VHQVLWLYLW\ DQDO\VLV 7KH
SDUDPHWHU LQYHVWLJDWHG LV WKH RSHUDWLYH WHPSHUDWXUH LQFUHDVH
EHWZHHQ DQ XQFRYHUHG DQG D FRYHUHG GHFN ZKLFK LV
PHDVXUHGLQDUHIHUHQFHORFDWLRQLQWKHURRP


)LJ2SHUDWLYHWHPSHUDWXUHLQFUHDVHEHWZHHQDEDUH7$%6FHLOLQJ
DQGDFRYHUHGFHLOLQJIRUGLIIHUHQWFDVHV>@

$FFRUGLQJ WR WKH 7516<6 VLPXODWLRQV WKH LQFUHDVH LQ
RSHUDWLYH WHPSHUDWXUH ZKHQ FRYHULQJ  RI WKH FHLOLQJ
VXUIDFHLVVLPLODUIRUDOOWKHFDVHVZKHQYHQWLODWLRQLVVXSSOLHG
WRWKHURRP7KHHIIHFWRIWKHSDQHOVLVPXFKPRUHFRQWUDVWHG
DV VRRQ DV WKH IUHVK DLU VXSSO\ LV UHPRYHG $ WHPSHUDWXUH
LQFUHDVHRI.KDVEHHQREVHUYHG+HQFHWKHHIIHFWRIWKH
SDQHOV ZLOO EH PXFK PRUH SURQRXQFHG LQ D FDVH ZLWK QR
YHQWLODWLRQLQWKHEXLOGLQJ
,9 &21&/86,21
7KHHIIHFWVRIKRUL]RQWDOVRXQGDEVRUEHUVRQ7$%6FRROLQJ
SHUIRUPDQFH LQ D WHVW IDFLOLW\ZHUH LQYHVWLJDWHG LQ WKLV VWXG\
7KHGLPLQLVKLQJHIIHFWRQ WKHFRROLQJSHUIRUPDQFHRI7$%6
GXH WR WKHSUHVHQFHRIKRUL]RQWDOSDQHOVFDQEHTXDQWLILHGDV
IROORZVUHGXFWLRQZKHQRIWKHVXUIDFHRIWKHFHLOLQJ
LV FRYHUHG  UHGXFWLRQ IRU D FRYHUDJH UDWLR RI  DQG
 UHGXFWLRQ IRU FRYHUDJH UDWLR$V D FRQVHTXHQFH RI
WKH UHGXFWLRQ LQ FRROLQJ SHUIRUPDQFH WKH RSHUDWLYH
WHPSHUDWXUHLQWKHRFFXSLHGVSDFHLQFUHDVHV7KLVLQFUHDVHZDV
RI   DQG  . IRU   DQG  FRYHUDJH
UHVSHFWLYHO\ 7KH DFWXDO HIIHFWV FRXOG EH GLIIHUHQW LQ UHDO
EXLOGLQJV 0HDVXUHPHQWV LQ DQ DFWXDO EXLOGLQJ VKRZ DQ
LQFUHDVH LQ RSHUDWLYH WHPSHUDWXUH RI  DQG  . IRU 
DQGFRYHUDJHUHVSHFWLYHO\>@
7KHVHQVLWLYLW\DQDO\VLVVKRZHGWKDWWKHYHQWLODWLRQSOD\VD
FUXFLDO UROH LQ UHPRYLQJ KHDW IURP WKH URRP DQG SOD\V D
FUXFLDOUROHLQNHHSLQJWKHURRPWHPSHUDWXUHVDFFHSWDEOH&ROG
DLU VWDJQDWLRQ LQ WKHSOHQXPKDVEHHQ LGHQWLILHGDV WKHPDMRU
SUREOHPIRUWKHFRQYHFWLYHKHDWH[FKDQJHEHWZHHQWKH7$%6
DQG WKH URRP $ FRYHUDJH UDWLR RI  FDQ EH FRQVLGHUHG
RSWLPDO IURP WKH DFRXVWLF >@ DQG WKHUPDO SRLQW RI YLHZ
WKRXJK WKHVHSDQHOVQHHG WREHFRPELQHGZLWKZDOOPRXQWHG
DFRXVWLF XQLWV WR DFKLHYH DQ RSWLPDO VRXQG DEVRUSWLRQ LQ WKH
IXOOVSHFWUXPRIIUHTXHQFLHV)XWXUHLQYHVWLJDWLRQVFRXOGIRFXV
RQDOWHUQDWLYHYHQWLODWLRQVWUDWHJLHV LQFRPELQDWLRQZLWK IUHH
KDQJLQJHOHPHQWVDQG7$%6
$&.12:/('*0(17
7KLV VWXG\ ZDV ILQDQFLDOO\ VXSSRUWHG E\ 6DLQW*REDLQ
(FRSKRQ$%DQGWKH7HFKQLFDO8QLYHUVLW\RI'HQPDUN
5()(5(1&(6
>@ (($  (QGXVHU *+* HPLVVLRQV IURP HQHUJ\ 5HDOORFDWLRQ RI
HPLVVLRQV IURP HQHUJ\ LQGXVWULHV WR HQG XVHUV  (XURSHDQ
(QYLURQPHQW$JHQF\5HSRUW1R
>@ %DELDN - 2OHVHQ % : 	 3HWUDV '  /RZ 7HPSHUDWXUH
+HDWLQJ DQG +LJK 7HPSHUDWXUH &RROLQJ 5(+9$ *XLGHERRN YRO 

>@ 63%DQEXU\ '&%HUU\ ³'LVUXSWLRQ RI2IILFH5HODWHG7DVNV
E\ 6SHHFK DQG 2IILFH 1RLVH´ %ULWLVK -RXUQDO RI 3V\FKRORJ\  

>@ 0XHW < /H 3HSHUNDPS + 	 0DFKQHU 5  &RPELQLQJ
WKHUPDOO\ DFWLYDWHG FRROLQJ WHFKQRORJ\ 7$%6 DQG KLJK DFRXVWLF
GHPDQG$FRXVWLF DQG WKHUPDO UHVXOWV IURP ILHOGPHDVXUHPHQWV ,QWHU
1RLVH ,QWHUQDWLRQDO &RQJUHVV DQG ([SRVLWLRQ RQ 1RLVH &RQWURO
(QJLQHHULQJ,QQVEUXFN6HSWHPEHU
>@ (FRSKRQ  .QRZOHGJH JXLGH 6RXQG DEVRUSWLRQ ± IUHHKDQJLQJ
XQLWVYVIXOOFHLOLQJ
>@ (FRSKRQ(FRSKRQ0DVWHU700DWUL[7HFKQLFDOGDWDVKHHW
>@ ,62  (UJRQRPLFV RI WKH WKHUPDO HQYLURQPHQW ,QVWUXPHQWV
IRUPHDVXULQJSK\VLFDOTXDQWLWLHV,62
>@ 'RPtQJXH] /0  ,QIOXHQFH RI$FRXVWLF &HLOLQJ8QLWV RQ WKH
&RROLQJ 3HUIRUPDQFH RI 7KHUPR$FWLYH %XLOGLQJ 6\VWHPV 7$%6
)HEUXDU\
>@ :HLW]PDQQ 3  0RGHOOLQJ EXLOGLQJ LQWHJUDWHG KHDWLQJ DQG
FRROLQJV\VWHPV3K'GLVVHUWDWLRQ'HSWRI&LYLO(QJLQHHULQJ7HFKQLFDO
8QLYHUVLW\RI'HQPDUN/\QJE\
>@ 5DJH1([SHULPHQWDODQGWKHRUHWLFDOVWXG\RIWKHLQIOXHQFHRI
DFRXVWLFSDQHOVRQ WKHKHDWH[FKDQJHEHWZHHQ7KHUPR$FWLYH%XLOGLQJ
6\VWHPV7$%6WKHRFFXSDQWVDQGWKHURRP-XO\
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